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The  color  phenomena  in mice  vitally  stained  with  phthaleins  of
slightly alkaline  range  are  such  as  would  point to the  existence  of
noteworthy  differences  between  the  reaction  of  the  blood  and  tis-
sues.'  They  are indicative,  furthermore,  of characteristic  differences
in  the  reaction  of  some,  at least,  of  the  organs.  The  results  of  a
further  investigation,  carried  out  with  phthaleins  of  frankly  acid
range, will here  be set forth,  and the findings  as  a whole  will  be dis-
cussed.
The  technique  of  vital  staining  with  the  phthaleins,  and  the  precautions
essential  to  proper  examination  of  the  tissues,  have  already  been  described
In  animals  stained with  cresol red  and phenol  red, it was  found  that  the  hue
of  blood  plasma  from  the  right  heart  corresponded  with  that  manifested  at
about  pH  7.38  in  buffer  solutions,  whereas  the  most  alkaline  of  the  tissues,
judging  from  its  color,  the  connective  tissue,  appeared to have  a pH of  7.2  or
slightly less, the tendons seeming nearly,  but  not quite,  so  alkaline.  The  other
stained  tissues  had  without  exception  colors  indicating  that  the  reaction  lay
beyond the ranges of the indicators on the acid side,  that is to say  at  or beyond
pH  6.6.
Brom  Thymol  Blue.
The  indicator  which  best  covers  the  range  immediately  beyond
phenol  red on the  acid side is,  under ordinary  circumstances,  brom
thymol  blue,  which is  blue  at pH 7.4,  and passes, with progressive
increases  in  hydrogen  ion  concentration,  through  green  to  a  clear
yellow at pH 6.0.  Unfortunately  it is toxic for animals.
Rous, P., Science, 1924,  lx,  363; J. Exp. Med., 1925, xli, 451.
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When agar, or an open glass tube containing  the dye, is introduced  beneath
the skin of rats, there soon follows a widespread blue edema, and the lymph from
the  region  is blue  for a  short  time  after  the  swelling  has subsided,-sufficient
evidence that the reaction of the fluids is alkaline, as would be expected.  Immedi-
ately about the glass or agar macrophages can be found with granules colored bright
yellow  by the indicator,  like  those  of similar  elements  accumulating  in the ab-
dominal  cavity of mice after an intraperitoneal injection  of it.2 The agar itself
is blue.  The findings  are wholly different  when a generalized  staining had been
produced,  in mice, by intraperitoneal  injection of a 1 per cent solution of the dye.
Under such circumstances indications of acidosis are seen almost from the first, in
a yellowing of the hairless surfaces; and after 2 or 3 hours these have a pronounced
greenish  yellow  hue.  The  animals  are  by this  time  prostrated.  On  dissection
under ether the  tissues in general are intensely yellow, and the fluid recovered from
the peritoneal cavity is likewise yellow,  not blue like the solution originally intro-
duced.  The hue is such as  would indicate under controlled conditions  a pH at
least as low as 6.2.  That the phthalein has retained its indicator characteristics
is proven by the application of weak  alkali which  at once  turns the stained tissue
a sharp blue.  The abnormal character of the general  acidosis is attested not alone
byall previous knowledge of body conditions and by the local blue coloration when
the indicator is introduced  into  the  subcutis,  but  by  the  findings  with  brom
cresol  purple  to  be  described  further  on.  The urine  and  feces  are  colored
yellow  by  the  indicator  excreted with them.
The change toward alkalinity which regularly takes place in subcutaneous tissue
exposed to the air' can be followed on the everted skin flaps of mice stained with
brom thymol blue.  A very gradual  alteration  in hue from yellow  through green
to blue  takes place.
Brom Cresol Purple.
Brom  cresol  purple,-which  is  an outspoken  purple  at pH  6.4  to
6.6, under controlled  conditions,  and orange yellow at  pH 5.4,-dif-
fuses  so  rapidly  that  when introduced  beneath  the  skin as  a  solid
within  agar  or  glass  it  rapidly  colors  the  whole  animal  pale pur-
ple, and is almost as rapidly excreted,  with result  that only a fleeting
local  coloration  is  obtained.  The  amount  required  to  effect  pro-
nounced staining after an intraperitoneal  injection  comes  close to that
which  is  lethal,  but  by careful  dosage  such  staining  can be effected
without  symptoms of illness.  1  cc.  of  a  1.7  per cent  solution of the
sodium  salt of  brom  cresol purple  will render  a  30 gm.  mouse  deep
purple within half an hour;  but by the next  day  the animal  is  un-
2  Rous, P., J. Exp. Med., 1925, xli, 399.PEYTON  ROUS
stained, so swiftly is the indicator removed  through  the kidneys  and
liver; and no ill  consequences develop.
When  the sodium salt of the indicator is prepared by a gradual  addition to it
of  sodium hydroxide, there often results a chemical change profoundly  affecting 20
the  color  range,  and rendering  the  specimen  useless.3 Mice  injected  with  the
altered material stain a dirty green, not purple, and the hue of many of the organs
is anomalous.  The change can be avoided if the phthalein is suspended in a little
lq  N
salt solution, and the hydroxide in N to  N  solution is added all at once.  Tests in
i  5
graded  buffer  solutions  must be made  to determine whether  the material  to  be
injected has the characteristic  color range.
The staining is at a maximum about 1 hour after an intraperitoneal  injection.
The hairless surfaces then appear vivid purple; but when the ear is pressed between
glass slides to free it of  blood it is found purply blue by transmitted light.  Very
little of the indicator is voided into the urine but a great deal is present in the plum
colored feces.
The blood plasma  and the lymph from the interior of glands, like the fluid of sub-
cutaneous regions into which  the indicator has been introduced in an agar button
or  a  glass  tube,  are  intensely  purple.  The  red cells appear  purply  red when
viewed in thick layer.  The leucocytes fail to stain.  Agglutinated platelets appear
sky blue.
The matrix of the cartilage  of ear, tail, and sternum is a brilliant purplish  blue.
Well vascularized bone stains deeply, in a slightly different blue, but dense lamellar
tissue  is  scarcely  tinted,  when  at  all.  The  cartilage  cells  appear  unstained,
whereas  the osteoclasts  are  outlined  in pale  blue as  if by  indicator  on  the  cell
surface.  In  the half  grown  animal  beautiful  color  gradations  can  be  made out
in  the region of the joints, and the skull sutures, the bone appearing  deep azure,
the marrow red-purple, the osteoid  tissue an intense dark blue,  and the cartilages
a lighter, purply  one.
The tendons are diffusely  blue.
The lymph  nodes appear purple to the unaided  eye, as is well  seen in the case
of inguinal glands viewed in situ.  But this hue is due to an intense staining of
the lymph, which  prevails, as in the  case of phenol red, over the relatively  slight
coloration of the tissues.  When a gland is cut open and the fluid expressed from
it  by gentle  pressure  the  lymphoid  tissue is  seen  to be  everywhere  of a pale
greenish  yellow,  and the connective  tissue  scaffolding  and capsule a contrasting
purple.  If weak alkali is brought in contact with the lymphoid tissue, it likewise
becomes purple.  The horny portion of the epidermis is not stained but the basal
layer is purply  blue.
3 Clark, W. M., The determination  of hydrogen ions, Baltimore,  2nd edition,
1923.
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The connective tissue is pronouncedly  stained,  as by all the phthaleins.  It is a
vivid  purple.  The staining  is mainly, if not entirely,  in the interstitial  tissue.
Whether the cells become colored is not certain.
The nerves and brain  show no tinting, but the nerve sheaths are blue to purple,
as would follow, doubtless,  from  their character as connective  tissue.
The adipose  tissue is a greenish yellow in the gross, with far more of yellow  than
is normal  to it.  Under the microscope  those portions  of it containing large and
regular fat globules, the stable fat depots, that is to say,  appear either unstained
or faintly blue or purple; but where the cells contain many small fat globules  there
is a distinct greenish  yellow  suffusion.  The fat itself is  uncolored.  The vessels
contain purply  blood,  as  everywhere  else;  and  the supporting  tissue  is  blue  to
purple.  The application of  0 NaOH causes the greenish yellow regions to become
purple.
Bits of voluntary muscle, removed and inspected as rapidly  as possible,  appear
light green  to  yellow,  according  to  the proportion  of  purple lymph  and  blood
associated with the yellow  fibers.  The latter appear only slightly yellower  than
N normal but when the cut ends  are brought in  contact with - NaOH the hue of
the muscle substance changes to an even purple as the alkali penetrates lengthways
along the fibers.
The spleen: The blood content  causes this organ to appear darkly purple, but
flattened  bits show trabeculae  that are blue, and Malpighian  corpuscles of a pale
yellow-green.  The elements of the splenic pulp  are not perceptibly  stained.
The pancreas  has  a diffusely  yellow-green  parenchyma.  Its vessels  have blue
walls.  The fluid expressed  from the organ on gentle pressure is purple.
The kidneys:  Relatively little  of  the indicator  is excreted  into  the urine, as
already stated, yet the renal cortex is, in most instances, intensely  colored, usually
yellow,  in contrast with the medulla which  is blue.  Exceptionally  the cortex is
purple, or green with some blue tubules, and then the medulla is yellow.  Always
the glomeruli  appear pale  purple by  reason of their content  of stained  blood.
The bile in the gall  bladder  is often so purple as to appear nearly black; but some-
times  it is  reddish  yellow,  becoming  purple  only  after  alkali  has  been  added.
The viscus can be inspected as a whole by seizing it at the neck with forceps  and
evulsing it, with contents undisturbed.  It is then pressed between mica  surfaces
to force out the bile, and viewed forthwith by transmitted light.  The wall  of the
bladder is then  seen to  be yellow to  green.
The liver bile, as viewed in the larger intrahepatic ducts, appears purple micro-
scopically.  The cells of the hepatic parenchyma  round about are  pronouncedly
yellow-green,  becoming  an intense  purple  with  alkali.  Even  under  the highest
magnification the yellow-green staining appears diffuse.  Intracellular fat globules
have  merely  the  normal hue.  Glisson's  capsule  appears  blue,  and  there  is no
distinctive  staining of the Kupffer  cells.
The suprarenal  bodies have a greenish  yellow medulla and a cortex which appears
unstained.
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Pieces of the heart muscles removed  from the organ  while  it still  beats show  a
staining  less  in  degree  but  otherwise  similar  to that i  the voluntary  muscles.
The lung tissue is a pale greenish  yellow, when viewed under the microscope.
Needless to say, the same precautions were observed in the routine examination
of stained  tissues,-oil bath, mica  slides and  covers, etc.,-as in the  case of  the
indicators  previously  employed.
To  obtain  the  foregoing  data  many  animals  were  stained  and
examined;  and  in  some  only  a  few organs  were  inspected  and  this
hurriedly  after the etherization,  in order to avoid  so far  as possible
the complication  of  acidosis  incident  thereto.  In the  case of  some
indicators  previously  studied,  of  a  comparatively  alkaline  range,-
cresol  red  and  phenol  red,-this  acidosis  caused  a  change  in  the
general  coloration  of  the  animal,  through  a  change  in the  reaction
and  color  of  the blood;  but no  associated  alteration  could  be  made
out in the hue of the organs.  With brom cresol purple such  indica-
tions of an ether acidosis are not met with, nor, in view of the range
of  the indicator,  were  they  to  have  been  expected.  Asphyxia,  on
the  other  hand,  induces  a  definite  change  in  the  color  of  the
hairless  surfaces,  from  purple  to  purply  green.  This can  be  seen
during  life  in animals  breathing  infrequently  after  the  injection  of
an  overdose  of  the  indicator.  Companion  animals  with  a  more
normal  respiration,  fail  to  show  the  change.  When  a  skin  flap  of
an  anesthetized  mouse is everted  and  exposed  to  air, the  purple  of
the subcutaneous  tissue rapidly  intensifies  as it becomes  more  alka-
line through local ventilation;  and  if  the mouse  be placed  under  the
funnel apparatus  described in a previous paper,'  and the flap exposed
to carbon  dioxide,  its purple  soon passes  into  the yellow-green  of  a
local acidosis.
In work with  brom cresol  purple there is  an unavoidable  compli-
cation,  namely  dichromatism.
Many manifestations  of this phenomenon  are encountered in the tissues.  Not
a few stain blue or purply blue instead  of purple; while  others have  a green or
yellow-green  hue,  such  as is  seen in buffer  solutions only  under special  optical
conditions.  All  the  anomalous  colors  can  readily  be duplicated in vitro, as will
be shown in a later paper.  That the blue is associated with alkalinity  is proven
by its failure to alter to purple when the tissue is brought in contact with alkali;
and by its prompt change  to yellow when acid is employed instead.  The green
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hue can be seen  in buffer solutions of the indicator at a pH dose to the middle of
the color range when these are viewed  by a mixture of  transmitted  and reflected
light.  It changes promptly to yellow with acid, and to purple with  alkali.  That
it is not a manifestation  of some peculiarity in the constitution of the cells wherein
it is ordinarily encountered, for example those of liver parenchyma,  is sufficiently
shown by its appearance in connective  tissue  exposed  to  carbon  dioxide  as  just
described.
The color of the organs  of animals vitally stained with brom cresol
purple places them in two groups,-those which are definitely alkaline
to the indicator,  as shown  by a purple or blue coloration,  and  those
which appear more or less acid, being stained yellow or green.  Before
a  scrutiny  of  this grouping  is undertaken  the  outcome  of  staining
with other indicators will  be described.
Chlor Phenol Red.
Chlor phenol  red4 has nearly the range of  brom cresol purple,  but
is  free  from  dichromatism,  and,  in  the  amount  required  for vital
staining, appears  non-toxic for mice.  The material  I  have employed
is rose-purple  at pH  6.24,  yellow-pink  at  5.75  and  5.91,  orange  at
5.59,  and yellow  at pH  5.29,  when  distributed  in phosphate buffer
mixtures  at  dilutions  yielding  approximately  the  color  intensities
ordinarily  encountered  within  the  tissues.  When  ten  or  twenty
times  as much  indicator  is  used  the  color  distinctions  are  far less
satisfactory.  The solutions are  now purply  red above  pH 5.91,  and
orange-red  to ruddy orange down to pH 4.6 at which they  are a deep
orange-red.  The  blood  of stained  animals,  wherein  alone  the  indi-
cator  is  ordinarily  greatly  concentrated,  never  appears  sharply
purple under  the microscope,  as  in the  case  of  brom  cresol  purple,
but  only  red,  whence  it  follows  that  histological  distinctions  are
less clear-cut than with this phthalein.
Mice  of 18  to  30 gin.  receiving  an intraperitoneal  injection  of 0.6
gm.  of a  2 per cent  solution of  chlor phenol red  become  colored  old
rose within a few minutes and remain so for the better part of 2 hours,
after which the coloration rapidly fades and by the next day is gone.
The  mouse  acts  normally  when  the  staining  is  at its  height.  The
urine voided is a deep purply red.
4 Cohen, B., Pub. Health Rep., U. S. P. H., 1923, xxxviii,  199.
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The ear of the  unanesthetized  animal,  as viewed  between  glass slides,  is  pro-
nouncedly old rose,  even when the  blood is pressed  out.
The white cells and platelets of the blood are not stained, but the erythrocytes
appear abnormally red, and, on the application of NaOH to a thick preparation  of
them,  become  rose-purple,  far more so  than does  the serum,  thus  showing  the
presence of indicator.
The cartilage, bones,  and tendons are  all  rose-purple,  the  distribution  of the
coloration  and its relative intensity being practically  the same as in  the case  of
brom cresol  purple.
The lymph nodes appear  purply  in situ, but  when  they  are incised  and the
lymph  expressed  the  major  portion  of the coloration  is seen  to be due  thereto.
Tests with NaOH show that the pale yellow lymphoid tissue contains some of the
indicator,  for it then becomes  rosy.
The connective tissue everywhere is a notable rose-purple.  Under the microscope
the hue is less vivid  than the bluer purple  of brom cresol purple;  and the color
distinction  between the connective  tissue and parenchyma of some of the organs
is in consequence  less marked.  The nerve  sheaths are old rose.
The nerves, the epidermis, the splenic tissue (except the connective tissue scaffold-
ing)  and the brain all fail to stain.
There is so little of  the phthalein in the adipose tissue that this usually has the
normal hue, but when a great deal of the indicator has been brought directly into
contact with it, as happens within the abdomen,  it shows regions stained yellow,
in contrast with the ruddy purple of the indicator solution originally  injected.
The voluntary muscle fibers appear  slightly yellower  than normal,  and sodium
hydroxide  changes them to rose as it penetrates  through the cut ends.  The  blood
and  lymph should be squeezed out  of  the  tissue bit  prior  to this  test  by  rapid
pressure between folds of neutral gauze.
The parenchymal  cells  of  the  pancreas appear  brilliant  yellow,  turning  rose
purple with alkali.
The kidney cortex sometimes appears yellow under a low power through a tinting
of the majority of the tubules;but, even so, pale purple ones can be discerned here
and  there.  The  medulla,  on  the contrary,  is an  outspoken  purple.  In  some
instances  the majority  of the cortical  tubules  are purply.
The gall bladder bile is, in general,  a dark purply  red, though that  which lies
between  folds of  the mucosa  is sometimes  an intense  orange with the indicator.
The wall of the viscus is usually stained purple, but in one instance it was brightly
yellow, and became purple only  through a secondary change as it lay steeped in
alkaline bile after its removal.
The liver parenchyma is stained  a definite  if  pale yellow.  Rosy bile fills the
larger ducts.
The suprarenal  bodies contain not a little of the dye in the yellow, acid, form, as
is demonstrated by the application  of weak  NaOH.  Most of the phthalein lies
in the cortex, though the medulla, owing to its translucency, appears the yellower.
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The heart muscle contains  almost none of the dye and that little in the yellow
form.
The lung- tissue is a pale rose.
Chlor  phenol  red does  not stain  quite  so many  of  the tissues  as
brom  cresol purple; but the colors it  assumes  in those which it does
stain are such as one would expect were the findings with brom cresol
purple  an expression  of  actual  conditions  within  the  tissues.  The
same two groups of tissues,  colored as if distinctly acid and relatively
alkaline  respectively,  may be discriminated by its means as by brom
cresol purple.
The application of sodium hydroxide to tissues stained with phtha-
leins, to test whether these are present in the acid  form, is a method
involving  a pitfall.
Alkalinization may effect not alone a change in color, but so great an intensifica-
tion in one previously  present that it may, for the first  time, become noticeable.
This is especially  true in the  cases  of brom  cresol  purple and  chlor phenol  red.
The secondary purpling of tissues derived from vitally stained animals, but them-
selves  only  dubiously  stained,  tells  little  as  regards  the initial  color  of  the
phthalein  within  them.  Only  when  tissues obviously  yellow  turn  purple  with
hydroxide  is a  conclusion warranted that the indicator  was originally  present  in
the acid form.
Brom Cresol Green, Brom Phenol Blue, and Thymol Blue.
Methyl  red,  belonging to another  group  of indicators  but occupy-
ing an  important place  in Clark's  series,  fails to produce  an intense
vital staining.  In its stead a phthalein, brom  cresol  green,  recently
studied by  Cohen,'  has been  employed.
This  dye is  well  tolerated  by  mice.  Its  range,  under  controlled
conditions,  is  variously  given  as  from  pH  4.0  to  5.6  or 6.0.  The
material I have used is a definite  blue at pH 5.0 in Northrop's buffer
or  Walpole's  acetate  buffer,  becoming  green  as  acidity  increases,
until at pH 4.0 it is a frank yellow.5 Animals injected  with solutions
5  When mentioning  the range of brom cresol  green  in a previous paper'  it was
erroneously  stated  that  phosphate  buffer  mixtures  were employed  to  test it.
The range  of  these  does  not  extend  sufficiently far to the acid  side for such  a
purpose.  Northrop's  buffer  was used.
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of the  sodium  salt  titrated  to  approximate  neutrality  become  bril-
liantly blue on ears and tail, and void an intensely  blue-green  urine;
but not a few of the tissues fail to stain, especially the adipose tissue,
voluntary  muscle,  heart  muscle,  bone,  lymph  glands,  lungs,  and
pancreas.  The  epidermis,  cartilage,  connective  tissue,  kidney,
liver,  and  tendons are all  rendered more  or  less  pronouncedly  blue.
Much of the dye is excreted through the bile, which is deep blue with it.
The range of the indicator evidently lies too far to the acid side for
usefulness  in the  determination  of  tissue  reactions,  save  in  special
instances,  as  that  of  the  macrophage  granules.2 The  same  holds
true of brom phenol blue  which is yellow  at pH 3.2  and blue at pH
4.2  under  controlled  conditions.4 Mice  receiving  the  sodium  salt
are  rendered  deep  blue,  secrete  a  urine  of  even  deeper  shade,  and
within  a few  hours recover the normal  hue again.  Nowhere  in the
body,  save in  some  of the macrophage  granules  on occasion, and in
the  stomach  contents,  is  the  coloration  other  than  blue.  At both
situations it is pale yellow,  changing  to blue with alkali.
The  observations  with  thymol  blue  have  already  been  reported.'
The tissues are not alkaline enough  to come within the alkaline  range
of  this  phthalein,  nor  acid  enough  to  be  within  the  acid  one.
There  is  a  pronounced yellow  staining, such  as is indicative of a pH
of less than 8.4  and  more  than  2.6, under  controlled  conditions.
The Indicators in Bile, Urine, and Intestinal Contents.
All of the indicators escape  in quantity into the bile; and for some
that are most diffusible, judging from their behavior in the organism,
this is the main avenue  of elimination.  That they retain the charac-
teristic  color  range  is  evident  from  the  hue  of  the  secretion,  and
from  special  tests  in  the  case  of  brom  cresol  purple.'  Liver  bile
containing  thymol  blue  is yellow; it is red in the cases  of cresol red
and  phenol  red,  purple  with  brom  cresol  purple,  rose-purple
with  chlor phenol  red,  and blue  with  brom  cresol  green  and  brom
phenol  blue.  To judge  from all this, the liver  bile  of the mouse  is
definitely,  if slightly,  alkaline, like that of other  laboratory  animals.
The bladder  bile  is, on  the contrary,  frequently  somewhat  acid,  es-
pecially  that  next  to the mucosa,-witness  the  findings  with  brom
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cresol  purple  (q. v.),-as would  follow  from  what  is known  of  the
modifying influence  of the viscus.6 That the wall of the gall  bladder
also seems  to have an acid reaction  is surprising, not only because it
so  largely  consists  of  connective  tissue  but  because  the  change  it
effects in the reaction  of stored bile supposedly  comes  about through
the  removal  of  constituents  that  are  predominantly  alkaline  in
character.
The contents of the pyloric portion of the stomach are of a brilliant
yellow hue with the phthaleins,  as would  follow  from  the prevailing
acidity.  Whether  the dyes  are  directly  secreted  into  the  organ  or
reach it from  the duodenum  has not  been  determined.  The  small
intestines  usually  contain  much  semifluid  material  heavily  stained
with indicator  from the bile, and the feces are colored as well.  That
some  slight  secretion  takes  place  directly  into  the large intestine is
attested in the case of brom cresol purple by the recovery  therefrom
of  a  pale  purple  mucus  soon  after  injection  of  the  indicator,
before  the  colored  chyme  has  progressed  as  far  as  the  cecum.
Within  an  hour,  ordinarily,  after  the  intraperitoneal  injection  of
almost any one of the phthaleins,  the intestinal  contents  are stained
this far down; and indicators suited to the conditions, as for example,
phenol  red  and  brom  cresol  purple  stain  the  chyme  differently  at
different  levels of the gut, in accordance with the local differences in
reaction.  When  brom  cresol  purple  has  been  given  by  mouth  it
appears in the bile,  evidencing absorption.
In animals vitally  stained  with  phenol  red,  chlor  phenol  red, or
brom  cresol  purple,  striking individual  differences  in the color of the
renal  cortex  are  to  be  observed  which  are  doubtless  referable  to
differing states of functional activity.
Frequently the color of the medulla contrasts with that of the cortex as a whole,
being, for example, purple with brom cresol purple, when this is yellow.  Stieglitz?
has noted that the reaction of the renal cortex, as indicated by the color it assumes
in dogs injected with azolitmin, sodium alizarinate, or neutral red, tends ordinarily
to be the opposite of that of the urine, alkaline  when  this is acid and vice versa.
In general,  the principle would  seem  to hold for phthalein-stained  mice.  But it
6  Drury, D. R., McMaster, P. D.,  and Rous, P., J. Exp. Med., 1924, xxxix, 403.
7  Stieglitz, E. J., Arch. Int. Med.,  1924, xxxiii, 483.PEYTON  ROUS
is obviously defective in that it involves a disregard of  local variations  in  reaction
within the cortex.  Differences in the  color of  neighboring  cortical  tubules when
stained with phthalein  are frequent, recalling those met in litmus-stained  animals. 8
Evidences of Pathological  Alteration in te Tissue Reaction.
Preexisting lesions  are  often brilliantly picked out  in  color  when
a phthalein has been given.
They are especially well seen in mice receiving  brom  cresol purple.  Individual
fibers of striped muscle affected with sarcosporidiosis  are then purple in contrast
with normal ones.  New formed granulation  tissue may be pale purple, save where
it borders on necrotic  foci  and here a chalcedony  yellow.  The red cells in vessels
compromised  in such foci,  may have  this latter hue instead of the usual purplish
orange.  Old scars in the renal cortex may be purple against a yellow background.
In an instance of hepatic  disease the giant cells, scattered here and there, were a
dark amber,  turning to livid purple with alkali, whereas the reactive tissue asso-
ciated  with  them was  green, not purple like the more  normal  connective  tissue
nearby.  Casts situated  within a kidney  cortex  of yellow-green  hue may them-
selves, be purple, or a deep brownish yellow.
The administration  of a highly concentrated solution of brom cresol purple, or
one that has  been  autoclaved,  may  kill  some  cells,  especially  such  as  come
in  contact  with  it in  the  peritoneal  cavity,  as  also  some  within  the  organs
principally  excreting the  dye, namely  the liver and kidney.  The state  of affairs
is obvious from the altered  character  of  the staining.  The  cell nuclei  are  now
deeply colored  by the indicator, as does not happen with living elements,  and the
hue of  the cytoplasm,  while lighter, is also  relatively intense.
Supravital Changes in Reaction.
Significant  alterations  are  to be  observed  in  the  hue  of  some  of
the tissues within a few minutes after death of  the animal.
A relative acidosis develops post mortem which affects the color of the hairless
surfaces, not only by changing  the hue  of the  blood  but that of the connective
tissue  as well,-facts  readily discernible  with phenol red and brom phenol  red.1
Even in animals stained with brom cresol purple there occurs a change in the color
of the connective  tissue from purple to blue-green.  Certain other tissues, among
them the heart muscle, adipose  tissue, and parenchyma  of the pancreas, become
pronouncedly more yellow.  The conditions leading to such a change in the un-
disturbed organs are, of course, highly complex.
8 Rous, P., J. Exp. Med.,  1925,  xli,  379.
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For the detailed  study of supravital  alterations it is best to remove
small portions of the organs under oil, and to place  them while  still
surrounded  by  it  between  mica  slips.  Systematic  observations  of
the  sort,  at  room  temperature,  have disclosed  certain  characteristic
phenomena.
In general  it may be said that the  group  of organs  having a relatively  acid
reaction  to begin  with,  as indicated  by  the  vital staining,  all seem  rapidly to
become more  acid, whereas those appearing less  acid or slightly alkaline undergo
no change for a long time.  Thus, on the one hand, bits of the liver and pancreas,
of  muscle,  adipose  tissue,  and  kidney  cortex,  which,  during  life,  are  greenish
yellow with brom  cresol purple, all  turn  a saffron  yellow  within  a few  minutes
after removal.  The fact that the change in color largely comes about through an
alteration  from  purple  to  yellow  of  the  associated,  deeply  stained,  connective
tissue, blood plasma, and lymph does not affect the significance of the phenomenon.
No such change occurs, even after an hour, within bone, connective tissue, tendons,
cartilage, and epidermis, members of the relatively alkaline group, and the alteration
is but  slow when they contain phenol red, which  is suited by its range to disclose
the slightest shiftings in reaction.  The difference  between  the groups is evinced
in yet another way.  On exposure to air those tissues which appear relatively acid
during  life  do  not,  in general,  undergo  any prompt  color alterations  indicative
of pronounced  changes  in  the direction  of  alkalinity  but  maintain  nearly  the
initial hue, whereas  the ones  with an  initial  reaction  closer  to neutrality rapidly
change color, becoming alkaline  to all appearance.  In this connection  the influ-
ence  of  ventilation  from  exposed  connective  tissue  surfaces  upon  the  local
reaction'  may be recalled.
GENERAL  DISCUSSION.
For the study  of  natural  phenomena  one  may  either  develop  a
method  to suit  the  conditions, or  force the latter  to suit  a method.
The literature  on the reaction  within living tissues  illustrates in an
enlightening way the difficulties  inherent in both procedures.
The work with exact physical-chemical  methods need not be reviewed in detail.
It has been briefly analyzed in a previous paper,' as in those of Graff, 9and of Schade
and his  associates. ° Vles has recently"  summarized a portion of  the  published
data,  together  with  the  results  of  some  scattered  attempts  to determine  the
9 Graff, S., Beitr. path. Anat. u. allg. Path., 1923-24, lxxii, 603.
10 Schade,  H., Neukirch, P., and Halpert,  A., Z. ges. exp. Med.,  1921,  xxiv,  11.
n Vls, F., Arch. phys. biol., 1924, iv, 1.PEYTON  ROUS
hydrogen  ion  concentration  within  cells  by  vital  coloration.  He  himself  has
tested,  by  several  physical-chemical  methods,  the  reaction  within  frozen  and
ground  mouse  tissues. 12 He  states  that in  the  substance  of  voluntary  muscle
fibers  there  is  a hydrogen  ion  concentration  averaging  about  pH  6.0.  Many
events,  as  for example,  infection,  the  growth  of  tumor grafts,  and  the  genital
evolution  in  the female,  are stated  to affect  the  reaction.  Such  findings are in
many ways unique.  The general  experience  has  led a recent  reviewer13 of neu-
trality regulations within the body to conclude that the organism must dispose  of
acids "sufficiently  rapidly  so that the hydrogen ion  concentration  of the  blood
and tissues does not rise above 1 X 10-69."
The older work on the staining of mammalian  tissues with indicators has been
considered in a previous paper.8 During the last 2 years there have been several
attempts to utilize  the phthaleins  for this purpose.  Griff9 has removed bits of
organs from dead animals  and human beings into drops  of the indicators placed
against a white surface, and has drawn inferences as concerns  the tissue reactions
from the ensuing color changes.  He gives a table according to which the reaction
of all of the organs is well above pH 7.0--a finding with which one need not quarrel
when the conditions are considered.  In the laboratory of Vl&s,  Reiss' 4 has placed
mammalian  tissues  in  solutions  of indicator  and noted  the  colors  they assume
when crushed.  Very recently,  too, he has injected living mice with quantities of
brom cresol purple and brom thymol  blue insufficient for a general staining, and
has found that they accumulate in the liver  in recognizable  amount,  coloring  the
bile and the intestinal contents.1 5 His findings in crushed tissues stained in vitro,
together with Vls' findings by  physical-chemical  methods  lead  him  to  believe
that  the larger  organs have an acid reaction during life.  In this connection  one
may recall  that  Michaelis  and Kramsztyk't demonstrated,  in  1913,  with  the
aid  of  the  potentiometer,  that  acidity  develops  rapidly  within  some  of  the
larger viscera  after  death.  And  the  least  trauma  to  voluntary  muscle  causes
acid to form.'7
The fact has been known for some time that tissues will grow in vitro in a med-
ium  acid to litmus;18 and  the fact  is now  well authenticated  through  indicator
tests that they survive  surprisingly wide variations  in pH.'9
1 2Vls,  F.,  and  de  Coulon,  A.,  Compt. rend. Acad.,  1924,  clxxix,  82;  Arch.
phys. biol., 1924, iv, 43.
'3 Wilson,  D.  W.,  Physiol. Rev.,  1923,  iii,  295.
14 Reiss, P., Arch. phys. biol., 1924,  iv, 35.
'5 Reiss, P., Compt. rend. Soc. biol., 1924,  xci,  1433.
16 Michaelis, L., and Kramsztyk,  A., Biochem. Z., 1914, lxii, 180.
17 Fletcher,  W. M., and Hopkins, F. G., J. Physiol., 1906-07, xxxv, 247.
8Is  Rous, P., J.  Exp. Med.,  1913,  xviii,  183.
t9 Lewis, W. H., and Lewis,  M. R., A text-book  of general  cytology,  Chicago,
1924,  385.
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Stieglitz'  observations  on  the  acid  state  of  the  renal  cortex,  when  secreting
alkaline  urine, have already been referred to.  The indicators he employed have
ranges  that  barely  extend into  acidity.  This  is  true,  as  well,  of litmus which
effects a widespread,  red, vital coloration, owing to storage of it within cell granules.
Not a few data on reaction conditions within the organism have been obtained with
its aid, however.2 The granules of macrophages,  in  which it is laid down in the
red form, will, on occasion, store phthaleins also; and they then show colors which,
under controlled  conditions, would indicate an acidity at least as great as pH 3.0.
Marshall and Vickers have noted that the convoluted tubules of animals injected
with  phenol red are colored  yellow;20 and Sharlit and  Scheer2l  and Memmeshei-
mer22 have painted the cleansed skin of human beings with alcoholic solutions of
the phthaleins and found colors indicative of a pH between  5.2 and 5.8.
To sum up, it can be said that the advocates  of exact methods in
the determination  of the reaction within living  organs  have learned
much  that is of advantage  about  sources of  error  and  impediments
to observation.  The group of workers who have chosen their method
to suit the conditions,-the indicator method, by process of exclusion,
-have  made  observations  with  ease but without  assurance  of  cer-
tainty.  No  systematic  examination  of  conditions  throughout  the
body has been carried out heretofore.
The observations  of  the present paper  were made  under  circum-
stances which excluded common  sources  of error, for example,  expos-
ure to air, asphyxia, postmortem  change, etc.  The findings in tissues
swiftly removed from the living animal have been controlled by direct
inspection of them in situ, save in the case of organs so vascular that
the blood  has obscured  the color.  The significance  of what has been
found will now be discussed.
Nature of the Phthalein  Staining.
That the phthaleins pass into the lymph is evident,  not only from
their great  diffusibility  and  from the  experiments  in which animals
were  washed  free  of  blood,' but  from  the  brilliant  tint of  the fluid
pressed  out  of  lymph  nodes.  That  they  penetrate  some,  at least,
of  the  cells  is  plain  from  the  abundant  excretion  of  them  into
0  Marshall,  E. K., Jr., and Vickers,  J. L., Bull. Johns Hopkins Hosp.,  1923,
xxxiv,  2.
21 Sharlit, H., and Scheer,  M., Arch. Dermatol. and Syphilol., 1923,  vii, 592.
2 Memmesheimer,  A., Klin. Woch.,  1924, iii, 2102.PEYTON  ROUS
bile and urine.  The cells of  the parenchyma  of the liver and of the
renal  cortex  appear  diffusely  colored.  So,  too,  does  many  another
parenchyma,  as for instance  that of the pancreas.  There is  usually
no  difficulty  in  telling  whether  cells  have  stained,  so  outspoken
is  their hue;  but  sometimes  one  cannot  be  sure that the  phthalein
has penetrated into the interior  of the cell  and not merely conferred
color  through  a  fixation  upon its  surface.  For this  reason,  among
many,  it  is best to speak of  the  reaction within tissues  rather  than
within  cells.  Certain  cells  there  are  which  appear  dosed  to  the
phthaleins,  or  which  take  them  up in  such  slight  amount  that no
staining can be made out.  The lymphoid cells and those of bone and
of cartilage  are among these,  as  are the leucocytes of  the blood  and,
not  impossibly,  fibroblasts.  Intercellular  substances,  especially
those of connective  tissue, of tendons, of the cartilage of most regions
but not all, and well vascularized  bony matrix,  as distinct  from that
which is dense and lamellar, become diffusely stained by all the phtha-
leins, as bylitmus, a colloidal indicator which colors cells of a few sorts
only, and these in consequence  of a segregation  into granules.  It  is
as if there were little power of  election  for the intercellular  materials
as regards the staining,  whereas  one  exists in the case of  the cells.
Certain organs  take up  so little of the  indicators that the  hues proper  to  the
latter prevail but slightly over the ordinary  cell  color.  This is true of voluntary
muscle more especially.  Yet that penetration into  the fibers has occurred  can  be
demonstrated  by  applying  alkali  to  them, when  they  become  intensely  colored
throughout,  the phthalein  changing from  a yellow  obscured  by the natural  hue
of the muscle to purple in the case of brom cresol purple, and rose color in that of
chlor  phenol  red.  It might  be  thought that  the  staining  is secondary,  coming
about by a spread  from the blood or lymph of  the dye, now intensified  in color;
but the even distribution of it within the fiber and its development  even  when the
free fluid has been pressed out of the muscle bit, preclude such a possibility.
Errors of Interpretation.
The color assumed  by a stained tissue is the resultant  of a complex
of variables,  however  much of the indicator is present.
The hues assumed by the blood and lymph and connective tissue are frequently
wholly different  from that of the associated parenchyma,  notably in the cases of
brom cresol purple and chlor phenol red.  It follows that discrimination  with the
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microscope is often necessary.  The color of thin layers of tissue frequently differs
from that of thick ones for the same reason that a buffered solution of indicator
in a narrow test-tube looks different from that in one of wide bore.  The  additional
complication of dichromatism is present in the case of brom cresol purple.
Kolthoff2 3 states that the phthaleins yield unreliable results in the
presence  of proteins.  Protein  and  salt  errors  are  to be expected of
any  substances with indicator properties;  and the best  one  can  do,
as Clark  has said,  is to use those least  affected.  The phthalein in-
dicators are,  from this point of view, the most satisfactory  available.
In  a  subsequent  paper  their defects  will  be  inquired  into,  and  an
attempt  made  to interpret  the vital  coloration  with them.  Mean-
time no harm can  come from  a scrutiny of the tissue staining in its
immediate  aspects.  The data  recorded  in my previous  papers  will
be  lumped  with  those  of  the  present  communication.  One  may
disregard,  for the time being, the potential complications  involved in a
toxicity of the indicators, in the influence of the anesthetic, in trauma
to the tissues during removal, and in supravital changes.  The findings
with the phthaleins  as  a  group  are  set  forth  in Chart  1  according
to  the  order  in  which  they  stand  in  series,  from thymol blue in
its alkaline phase at the left, to the same indicator in its acid phase
at the right.
Relative Reactions within the Organs.
None  of  the  tissues,  or body  fluids,  is  sufficiently  alkaline  or acid  to come
within  either of  the  two  ranges  of  thymol  blue;  the  reaction  of  all  those
stained,-and  they are many,-would  appear  to lie  somewhere  between pH 8.2
and 2.8.  With  cresol  red the blood  has a different  color from  the tissues,  one
that under  controlled  conditions  would  be indicative  of  pH  7.4 approximately.
The  staining  of  the  latter  generally  shows  that  the  reaction  within  them  lies
beyond the range of cresol red on the acid side, that is to say at or below pH 7.2,
assuming that the face value of the findings is the real one.  With phenol red the
blood again has a color indicative of pH 7.4, and now two tissues have hues within
the phthalein  range, namely  the connective  tissue and tendons.  Apparently  the
hydrogen  ion concentration  within  both lies between  pH 7.0  and  7.2, that is to
say on  the acid  side of the range  of cresol  red, as  is  the actual case.  The tests
tell nothing of  the other tissues save  that  the  reaction  within  them lies  beyond
the range  of phenol red on the acid side.
2a Kolthoff, I. M., Der Gebrauch von Farbenindicatoren,  Berlin,  1923,  49.PEYTON  ROUS
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With brom cresol purple  the reaction of the organs,  as expressed  in the color,
enables one to place them in two groups, those which have, apparently, an interior
pH of 6.5 or more, as attested by hues on the alkaline side of the indicator range,
and those seemingly more acid.  In the first group one finds the connective  tissue
and  tendons,  as one would  expect,  and bone,  cartilage,  and  epidermis  as well.
It  is interesting  to recall  that these  are  tissues which  stain diffusely  blue  with
litmus.  The hue of the kidney cortex stained with brom cresol purple sometimes
places it within  the relatively alkaline group, and again in the acid one.  Always
one finds in this latter the liver, gall bladder, pancreas,  heart muscle, and volun-
tary muscle,  the adipose tissue, and, though the staining is but light and perhaps
wholly intercellular, the lymph nodes and the Malpighian corpuscles of the spleen.
The hydrogen ion concentration in all these would seem to be as great as pH 6.2,
and  often  greater.  The  parenchymal  cells  of the  pancreas,  in  special,  appear
notably  acid.  With  chlor  phenol  red  many of  the  findings  can  be  confirmed,
though not all, for it stains less widely than brom cresol purple, and there is a zone
near the middle of its range where the hues, especially as viewed within tissues, are
indeterminate.  The connective tissue, tendons, bone,  and cartilage, when stained
with this indicator,  have an apparent reaction  above  pH 6.5; whereas  the  liver,
gall bladder,  kidney  cortex  (sometimes),  heart  muscle,  voluntary  muscle,  and
pancreas  would seem to be at least  as acid as pH  5.6.  The  epidermis,  adipose
tissue,  lymph  nodes,  and splenic  tissue  proper,  as distinct from  the connective
tissue  scaffolding,  all  fail  to stain.  The  reactions  of the  blood  and lymph  lie
beyond  the ranges of  hlor phenol  red  and  brom  cresol  purple  on  the alkaline
side,  as their hue  shows.
The indicators  of still more  acid ranges  color  the tissues  in  such wise  as  to
ifidicate  that  the reaction  lies beyond the ranges of all on  the alkaline side, that
is to say at or above pH 5.0 in the case of brom cresol green, at or above pH  4.2
in that of brom phenol blue, and at or above pH 2.6 with thymol blue.  An excep-
tion  is to  be noted  for the macrophage  granules.  These,  which  appear acid to
litmus, are  likewise  acid  to brom  cresol  green,  and  even  in  some  instances  to
brom phenol  blue,'  indicating a pH  as low  as  3.0 if  not  lower.  The  stomach
contents likewise has the color associated with acidity.
In  this ranging of  the  tissues  according  to the  phthalein  staining
the  pH  scale  has  proved  indispensable.  But  the  use  made  of  it
must not be taken as  implying a  belief that the actual  reaction pre-
vailing  within  the  tissues  is  the  same  as  the  apparent  one.  The
discrepancies  between the two have yet to be studied.  Good reasons
exist,  nevertheless,  for the supposition  that the separation  of the tis-
sues into  two major  groups  of  notably  different  hydrogen ion  con-
centration is based on reality.PEYTON  ROUS
The  less acid group  of  tissues, some  among  which  appear  to be definitely  if
very faintly alkaline, have all a low metabolic activity.  According to Warburg,"
the metabolism of connective tissue is minimal; and it is this tissue which appears
to be the most alkaline of all.  Warburg was not able to measure either respiration
or glycolysis in it with certainty.  All of the group, excepting  the epidermis,  are
made up of a great  deal of intercellular substance with relatively  few cells.  It is
principally the intercellular substance which stains; and this is diffusely penetrated
by even so  colloidal  a material  as litmus.  One may  suppose  the alkaline body
fluids  to penetrate it with at least equal  ease.  Most of the more acid group  of
tissues by contrast  are notably  cellular,  and all have a high metabolic  activity,
except perhaps the adipose tissue and the gall bladder  which two are endowed with
special  functions  that may  account for  the acidity  observed.  When  a piece of
liver or pancreas  or muscle,  stained  with  brom  cresol  purple  or chlor phenol
red,  is  extirpated  and  placed  in  oil under  a  mica cover-slip,  acid  is rapidly
formed within it, as shown  by changes in color of the associated connective tissue
and blood.  No such alteration  occurs  in  bone,  cartilage, tendon, or connective
tissue,  even  after  a  long  time; and  it takes place but tardily in the two  tissues
last mentioned when  they  have  been  colored with  phenol  red.  When stained
with  this indicator and  exposed  to  air, all  of  the group  just mentioned,  except
the epidermis,  which  keeps its  hue,  become rapidly  more alkaline,  as  the  color
changes  show,  whereas  the  tissues  of  the  relatively acid  group  are  affected
slightly when at all and only very  slowly when brom cresol purple has been used.
The staining of  the acid group is essentially one of the cells.  What  is known  of
these elements does not encourage a belief that the alkaline body fluids go  in and
out of them as in and out of the intercellular fabrics."s
From  the  foregoing  one  obtains  the  impression  that  the  highly
cellular  tissues make their  own conditions,  so  to speak,  one  of these
conditions being a relative,  and probably an absolute acidity; whereas
those with few cells in a large bulk of matrix are vulnerable to external
influences,  control their own conditions only in so far as the activity
of the scattered  cells extends,  and in consequence  of  one or both of
these circumstances  have a reaction  only slightly acid at most, when
so at all.
If  the  color  differences  with  the  phthaleins  turn  out  to  be  the
expression  of  actual  differences  in  the  reaction  within  the  organs,
much  that is  now  obscure  in physiology  and  pathology  can be ex-
plained,-or  explained  away.  As  illustrating  the  point,  one  need
24Warburg,  O.,  Naturwissenschaften, 1924,  xii,  1131.
:  Jacobs,  M.  H.,  General  cytology,  Chicago,  1924.
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only think of the problem offered  by the normal  inactivity of certain
enzymes  which living  cells  possess,  and that  of  the  localization  of
certain  species  of  pathogenic  bacteria  in special  organs.  But it is
not too  early  to remark, in such  connection,  that the  reaction pre-
vailing within  a  given tissue, however much it may differ  from that
elsewhere, must be thought  of as, after all,  but one among the host
of  varying  attributes  whereby  tissues  are  distinguished  from  one
another.
Further  studies  of  the  distribution  throughout  the  body  of  the
phthaleins will assuredly bring out facts affecting the general theory of
vital staining.  These substances  color  some tissues,  for example the
red cells of the blood and the pancreatic parenchyma,  which are un-
affected by the acid dyes previously  studied.2 6 Diffuse staining, such
as the phthaleins  accomplish  to  a  preeminent  degree,  has  thus  far
had little  attention  from  investigators and the laws regulating  it are
largely unknown.27
Supplementary Note.
The findings  with brom  phenol  red  described  in  a previous  paper
of this series'  have  designedly  been  omitted  from  present  consider-
ation.  The material employed  under the name of brom  phenol  red
to obtain  those  findings had  a pH  range  wide  of  the one  given  by
Cohen,4 a  fact  stated in  reporting  upon  them.  The  discrepancy,
and the results of a recent  comparison  with other  samples  furnished
as the phthalein,  which has  been  carried  out  in  this  laboratory  by
Dr. D. R. Drury, have led  us  to question  the purity of  the product
first employed.  The  samples  now  procurable  as  brom  phenol  red
have a pH  range practically  identical  with that of  chlor phenol red.
SUMMARY.
In continuation  of the observations  on vital staining by means of
phthalein  indicators, reported  in a previous paper, some members of
'6 von Millendorff, W., Farbenanalytische  Untersuchung  der Zelle, in  Oppen-
heimer,  C.,  Handbuch  der  Biochemie  des  Menschen  und  der  Tiere,  Jena,  2nd
edition, 1924, ii, 273.
27 von Millendorff, W.,  Ergebn. Physiol., 1920,  xviii,  141.PEYTON  ROUS  759
the group with acid ranges have been employed.  The results accord
closely  with  those  already  obtained, in pointing  to the  existence  of
characteristic  differences in the reaction within the organs.  Roughly
speaking,  these latter fall into two  groups.  Within  the members of
the  one a  noteworthy  acidity would  appear  to  prevail,  whereas  in
those of the other acidity seems slight at most, and in a few instances
signs of a faint alkalinity are to be met.  In general the "acid" organs
are  such  as  have  a  great  metabolic  activity  whereas  the  "neutral"
group  manifest  but  an  inconsiderable  one.  All  of  the  tissues  ex-
amined  seem to be  relatively acid compared with the blood plasma.
The  findings  with the phthaleins  as  a group  are  discussed.